The chloroplast genome sequence of the green alga Pseudendoclonium akinetum (Ulvophyceae) reveals unusual structural features and new insights into the branching order of chlorophyte lineages.
One major lineage of green plants, the Chlorophyta, is represented by the green algal classes Prasinophyceae, Ulvophyceae, Trebouxiophyceae, and Chlorophyceae. The Prasinophyceae occupies the most basal position in the Chlorophyta, but the branching order of the Ulvophyceae, Trebouxiophyceae, and Chlorophyceae remains unresolved. The chloroplast genome sequences currently available for representatives of three chlorophyte classes have revealed that this genome is highly plastic, with Chlamydomonas (Chlorophyceae) and Chlorella (Trebouxiophyceae) showing fewer ancestral features than Nephroselmis (Prasinophyceae). We report the 195,867-bp chloroplast DNA (cpDNA) sequence of Pseudendoclonium akinetum (Ulvophyceae), a member of the class that has not been previously examined for detailed cpDNA analysis. This genome shares common evolutionary trends with its Chlorella and Chlamydomonas homologs. The gene content, number of ancestral gene clusters, and abundance of short dispersed repeats in Pseudendoclonium cpDNA are intermediate between those observed for Chlorella and Chlamydomonas cpDNAs. Although Pseudendoclonium cpDNA features a large inverted repeat, its quadripartite structure is unusual in displaying an rRNA operon transcribed toward the large single-copy (LSC) region and a small single-copy region containing 14 genes that are normally found in the LSC region. Twenty-seven group I introns lie in nine genes and fall within four subgroups (IA1, IA2, IA3, and IB); 19 encode putative homing endonucleases, and 7 have homologs at identical insertion sites in other chlorophyte or streptophyte organelle genomes. The high similarity observed among the 14 IA1 and 7 IA2 introns and their encoded endonucleases suggests that many introns arose from intragenomic proliferation of a few founding introns in the lineage leading to Pseudendoclonium. Interestingly, one intron (in atpA) and some of the dispersed repeats also reside in Pseudendoclonium mitochondria, providing strong evidence for interorganellar lateral transfer of these genetic elements. Phylogenetic analyses of 58 cpDNA-encoded proteins and genes support the hypothesis that the Ulvophyceae is sister to the Trebouxiophyceae but cannot eliminate the hypothesis that the Ulvophyceae is sister to the Chlorophyceae. We favor the latter hypothesis because it is strongly supported by phylogenetic analyses of gene order data and by independent structural evidence based on shared gene losses and rearrangement break points within ancestrally conserved gene clusters.